such systems. Following this, the equilibrium offset position for a fullerene inside of a carbon nanotube is determined as a function of the radius and the oscillatory motion is modelled using Dirac delta functions, which enables an expression for the frequency of oscillation to be given. This method is extended from spherical fullerenes to those of a spheroidal shape and then extended further to a semi-analytical method which gives the interaction between a carbon nanotube and any molecule which can be modelled as an arbitrary surface of revolution.
Electrorheological (ER) fluids are a class of material which undergo a dramatic change in viscosity when an external electric field is applied. In this thesis an overview of the various theories used to model this induced force of attraction is given, including a brief outline the major mathematical results and a discussion of the strengths and weaknesses of the various methods. In particular, a detailed description of the re-expansion method is given which is then used to produce solutions to three specific problems. The first problem is that of same sized particles (i.e. a monodisperse ER fluid) at close interstice and it is demonstrated that the re-expansion method provides a solution that is more congruent with experimental results than a number of other methods. Following this, the method is expanded to the problem of a bidisperse ER fluid comprising nonidentical particles. In the analysis of this solution new genuine maxima are found for various ratios of particle size, dielectric constants and particle spacing. Lastly, the method is applied to nonidentical conducting particles with dielectric coatings and a solution for this geometry is derived. Analysing this final solution in various limits also derives a useful approximation for thinly coated conducting particles. 
